We previously reported that polymethoxyflavones (PMFs) in black ginger (Kaempferia parviflora) extract (KPE) increased energy production by activating AMP-activated protein kinase (AMPK) in C2C12 myoblasts. We herein evaluated the effects of KPE on physical fitness performance and muscular endurance in mice. Male mice were orally administered KPE for 4 weeks, and then forced swimming test, open-field test, inclined plane test, and wire hanging test were performed. KPE significantly increased the swimming time, motility after swimming, and grip strength. IL-6 and TNF-α mRNA expression levels were decreased in the soleus muscle, whereas peroxisome proliferator-activated receptor γ coactivator (PGC)-1α and glycogen synthase mRNA expression levels, mitochondrial number, and glycogen content were increased. These results were in agreement with those obtained for KPE and PMFs in C2C12. Therefore, the activation of AMPK by PMFs may be one of the mechanisms by which KPE improves physical fitness performance and muscular endurance.
Introduction
Black ginger, the rhizome of Kaempferia parviflora (Zingiberaceae), has traditionally been used as food and a folk medicine for more than 1000 years in Thailand. The dried rhizome is generally pulverized and used as tea bags, while the fresh one is utilized to brew wine. The wine preparation is increasingly used in Thailand as a tonic and as an aphrodisiac. As dietary supplements, it has been made into various preparations such as medicinal liquor or liquor plus honey, pills (powdered rhizome with honey), capsules and tablets. In Thai traditional medicine, black ginger has been claimed to cure allergy, asthma, impotence, gout, diarrhea, dysentery, peptic ulcer and diabetes. A large number of recent studies have demonstrated the biological activities of black ginger extract (Kaempferia parviflora extract: KPE) and polymethoxyflavones (PMFs) including antioxidative activity, etc [1, 2, 3, 4, 5, 6, 7] . KPE has been shown to improve physical fitness performance in clinical studies [6, 7] . The anti-oxidative activity of KPE has been implicated in its beneficial effects. We previously reported that PMFs in KPE increased energy production through AMPK activation induced improvements of metabolism in myocytes [8] . For the beneficial effects of black ginger on health, we have developed a powdered black ginger extract as a healthy food ingredient and put it on the market, which is known as Black Ginger Extract that has been standardized to contain not less than 2.5% of 5,7-dimethoxyflavone and 10% of total PMFs. The healthy function of black ginger has been continuously being investigated.
Physical exhaustion decreases physical fitness performance and muscular endurance. Fatigue was previously thought to decrease in intracellular pH (acidosis) by the accumulation of lactic acid (LA) [9] . However, recent findings suggest that the accumulation of LA is not a direct cause of fatigue, but rather a fatigue-recovering factor [10, 11, 12, 13] . Furthermore, various factors including ATP metabolism, acidosis, and oxidative stress have been suggested to play a role in the complex processes of fatigue [14, 15, 16, 17, 18, 19, 20, 21] .
5-hydroxy-3,7-dimethoxyflavone (1), 5-hydroxy-7-methoxyflavone (2), 5-hydroxy-3,7,4'-trimethoxyflavone (3), 5-hydroxy-3,7,3',4'-tetramethoxyflavone (4), 3,5,7,3',4'-pentamethoxyflavone (5), 5,7,4'-trimethoxyflavone (6), 3,5,7,4'-tetramethoxyflavone (7), and 5,7-dimethoxyflavone (8) were the same ones as used in our previous study [8] . The contents of all PMFs in powdered KPE were determined by reverse-phase HPLC using a Prominence HPLC system (Shimadzu, Kyoto, Japan) equipped with a photodiode array detector (Model SPD-M20A) and a Develosil RPAQUEOUS-AR-5 column (4.6 × 150 mm, 5 μm particle size, Nomura Chemical Co., Ltd., Japan). The mobile phase was a binary gradient and consisted of a mixture of acetonitrile, water and acetic acid (35:62.5:2.5, v/v) as solvent A and a mixture of acetonitrile and acetic acid (97.5:2.5, v/v) as solvent B.
The flow rate was fixed at 1.0 mL/min and column temperature was set at 35°C. The gradient condition was as follows: 0-20 min (solvent A: 99-1%). A UV detection at 263 nm was used. The contents of the determined PMFs were 1 (0.66%), 2 (0.52%), 3 (0.81%), 4 (0.30%), 5 (2.94%), 6 (3.14%), 7 (1.75%) and 8 (2.5%), respectively ( Fig. 1 ).
Test schedule in mice
In vivo tests were performed based on the schedule described in Fig. 2A . At screening period, consecutive forced swimming test (CST) was performed on day −5 and −4. On day −3 and −2, physical fitness measurement tests (PT) were performed and mice were divided into 2 groups according to the data obtained from CST and PT to insure the total physical fitness performance of the two groups to be almost same. After grouping (day 0), mice were orally administered KPE or vehicle, and the same paired tests (CST and PT) conducted at 0 week were performed at the 1-, 2-, and 4-week periods. After the test at the 4-week period, the soleus muscle was collected from the right hind leg in order to investigate the expression of various mRNAs, mitochondrial number, and glycogen content. Blood was collected from the ventral aorta under anesthesia in order to determine blood LA levels.
CST
In a round water pool (φ 25 cm, 30 cm in depth filled with warmed water at 37°C to 40°C), mice were bound by their tails to a weight that was approximately 10% of their body weights and forced to swim. In order to exclude air on the surface of the hair, measurements were started after the body had been submerged once below min after the first ST under the same conditions. ST was subsequently performed a total of 7 times at 0, 0.5, 1, 1.5, 2, 2.5 and 3 h (Fig. 2B ).
PT
PT were performed using the following methods: ST, open-field test, inclined plane test, and wire hanging test (Fig. 2C) . ST was performed under almost the same conditions as the CST. The other tests were performed twice (Fig. 2C ), before and after ST, as described below. Open-field test: A mouse was placed in a square field (30 × 30 cm) divided into 9 areas. The number of times the mouse moved to other areas was measured for 3 min. Inclined plate test: after the openfield test, the mouse was placed on a wooden board covered with a canvas, which was leaned gradually at a constant speed. The angle at which the mouse dropped from the board was measured. Wire hanging test: after the inclined plane test, mice were bound by their tails to a weight that was 15% of their body weight. They were then placed on a square wire mesh (30 × 30 cm, mesh size 1 cm, wire diameter φ 1 mm). The wire mesh with the mouse on was turned upside down and placed at a height of 50 cm. The sides were shielded and the time until the mouse dropped off was measured. (reverse). The specific primers used for the mitochondrial gene of NADH dehydrogenase subunit I were 5'-CCCATTCGCGTTATTCTT-3' (forward) and 5'-AAGTTGATCGTAACGGAAGC-3' (reverse). The ratio of mitochondrial numbers was calculated from the relative expression of the mitochondrial gene to the nuclear gene using the ΔΔCt method.
Measurement of mitochondrial DNA
7 min) and the supernatant was removed. After sufficient drying of the pellets, glycogen contents were measured using the phenol-sulfuric acid method and then normalized by the weight of the soleus muscle or cell number.
Determination of blood LA level
After PT at the 4-week period, blood was collected and centrifuged (200 × g, room temperature, 3 min). The supernatant obtained was used to measure blood LA levels by lactate colorimetric assay kit 2.
Analysis of mRNA in the mouse soleus muscle and C2C12
Total RNA was extracted from the soleus muscle (25 mg) or C2C12 and relative mRNA expression levels were evaluated using our previously described method [8] . The specific primers used were as follows: IL-6, 5'-TCTATACCACTTCA- 
Inflammation in C2C12 induced by LPS
The experiment was performed as described previously [28, 30] . Briefly, C2C12
were induced to differentiate with KPE (10 μg/mL) or PMFs (compound 1-8, 10 μM) for one week. Cells were then cultured with 1 μg/mL LPS or LA for 1 h. Cells were collected and total RNA was extracted. The relative mRNA expression levels of total interleukin (IL)-6 and tumor necrosis factor (TNF)-α were examined using RT-PCR.
indicated as †: P < 0.05, † †: P < 0.01, respectively. The in vivo test was performed on 15 mice in each group. However, one mouse treated with KPE drowned in ST at week 4. Therefore, the statistical analysis was performed on 15 mice for the control group and 14 mice for the KPE group. The same method as that described above for in vivo experimental data was used for statistical comparisons of in vitro experimental data.
Results

KPE suppressed decrease in muscular endurance induced by fatigue in CST
KPE was orally administered to mice for 4 weeks and muscular endurance was evaluated at 0-, 1-, 2-, and 4-week periods. In each week, no significant differences between the control and KPE groups were observed in the initial values determined (0 h) (Fig. 3) . However, from the second and third measurements (0.5 or 1 h), the decreases in the swimming time were smaller in the KPE group than in the control group ( Fig. 3B-D) . This suppression was confirmed from the 1-week period and became clearer in a time-dependent manner ( Fig. 3B-D) . In the 4-week period determination, the swimming time duration for the last measurement (3 h) shortened only 27% against the first measurement in the KPE group, while that shortened 78% in the control group (Fig. 3D) , indicating the enforcement of the muscular endurance or the rapid recovery from swimming-induced fatigue in the KPE group.
KPE enhanced physical fitness performance in PT
Physical fitness performance in PT was examined in order to evaluate the effects of KPE 2 days after the CST. In ST, which induced sufficient fatigue in mice, swimming times were slightly longer in the KPE group than in the control group from the 1-week period (Fig. 4A) . In the open-field test performed before ST Asterisks denote significant differences from the initial result (0 week) at *: P<0.05, **: P<0.01, respectively. Daggers denote significant differences from the control at †: P<0.05, † †: P<0.01, respectively.
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Article No~e00115 (Fig. 4B) , the number of movements in control and KPE in 1-, 2-and 4-week periods were significantly decreased compared to the values at 0-week period. However, the number of movements after ST was significantly increased in the KPE group, but not in the control group at the 1-and 2-week periods (Fig. 4C) . Furthermore, the number of movements after ST was significantly increased in the KPE group at the 4-week period (Fig. 4C ). In the inclined plate test, dropped angles were significantly greater in the KPE group than in the control group at the 2-week period (Fig. 4D) . The dropped angles in KPE group after ST were similar to those before ST at the 2-and 4-week periods (Fig. 4D) . In the wire hanging test, similar results to those obtained in the inclined plate test were observed from the 1-to 4-week periods. From the ratio calculated for the dropped time after and before ST, the ratio in the KPE group (96%) was almost twice at the 4-week period (Fig. 4E) , indicating the enhancement of the grip strength in the KPE group.
KPE and PMFs suppressed muscular inflammation in vitro and in vivo
In previous experiments ( Fig. 3 and Fig. 4 ), KPE was shown to improve physical fitness performance and muscular endurance in vivo. Therefore, we attempted to clarify the mechanisms responsible for the effects of KPE. mRNA expression was evaluated in relation to inflammation, namely, that of IL-6 and TNF-α, in the soleus muscle. The results showed that IL-6 ( Fig. 5A ) and TNF-α (Fig. 5B ) mRNA expression levels tended to be lower in the KPE group than in the control group.
Therefore, the anti-inflammatory effects of KPE may contribute to improvements in physical fitness performance and muscular endurance.
The anti-inflammatory effects of KPE and PMFs were investigated in vitro using a previously reported method [30] . LPS and LA were used to induce muscular inflammation. IL-6 and TNF-α mRNA expression levels were increased by LPS, but not by LA (data not shown). The increases induced in mRNA expression levels by LPS were slightly suppressed in the cells cultured with KPE. PMFs, compounds 1-8 isolated from KPE, were examined by a similar procedure. KPE and compounds 1, 2, and 8 significantly suppressed the increases induced by LPS in the mRNA expression levels of IL-6 ( Fig. 5C ) and TNF-α (Fig. 5D ). Compounds 3, 7
and 8 suppressed the mRNA expression of TNF-α.
KPE increased mitochondrial number and decreased blood LA level in vivo
In order to investigate the contribution of mechanisms other than anti-oxidative activity to improvements in physical fitness performance and muscular endurance, the effects of KPE on metabolism were evaluated in relation to mitochondrial number, accumulation of glycogen, and blood LA level. Regarding mitochondrial Article No~e00115 number, the expression ratio of mitochondrial DNA to genomic DNA was measured. The results showed that KPE enhanced the number of mitochondria in the soleus muscle (Fig. 6A) . The mRNA expression of PGC-1α, which is related to mitochondrial biosynthesis, tended to increase by KPE (Fig. 6B) . The mRNA expression of Gsy and accumulation of glycogen were similarly evaluated. The results showed that KPE tended to enhance the mRNA expression of Gsy (Fig. 6C) and increase glycogen content (Fig. 6D) . Therefore, KPE was suggested to increase mitochondrial numbers by enhancing the expression of PGC-1α and glycogen content by enhancing the expression of Gsy. Moreover, KPE decreased blood LA levels (Fig. 6E) .
PMFs promoted the accumulation of glycogen in vitro
We previously reported that PMFs in KPE increased the mRNA expression of glucose transporter type 4 (GLUT4) and PGC-1α. Therefore, we herein determined whether PMFs affect the accumulation of glycogen. The mRNA expression of Gsy was measured in C2C12 treated with KPE or PMFs. KPE and many of the PMFs [ ( F i g . _ 6 ) T D $ F I G ] Fig. 6 . Effect of KPE on mitochondria and glycogen in vitro and in vivo. Total DNA, mRNA, and glycogen were extracted from the mouse soleus muscle and C2C12 treated with KPE (10 μg/mL) or compounds 1-8 (10 μM). In vivo (A-E), total DNA was evaluated for the expression of mitochondrial DNA (mtDNA) using real-time PCR (A). mtDNA was normalized by the expression of genomic DNA (gDNA). mRNA expressions of PGC-1α (B) and glycogen synthase (Gsy, C) were evaluated using realtime PCR. Muscle glycogen was determined using the phenol-sulfuric acid method (D). The glycogen content was normalized by the tissue weight. Blood lactic acid (LA) was measured using a kit (E).
Article No~e00115 (4, 5, 6, 7, and 8) significantly increased the expression of Gsy (Fig. 6F) . The effects of KPE and compound 8 on the glycogen content in C2C12 were then evaluated. Compound 8 was selected because it is known to activate AMPK [28] .
KPE significantly enhanced the glycogen content (Fig. 6G) , while compound 8 slightly enhanced its contents. These results suggest that PMFs in KPE promote the accumulation of glycogen.
Discussion
The results of the present study indicate that KPE increases physical fitness performance (Fig. 4 ) and muscular endurance ( Fig. 3 and Fig. 4 ). In the inclined plate test and wire hanging test after ST, endurance and performance were better in the KPE group than in the control group. Anti-inflammation and enhanced energy metabolism have been suggested as the mechanisms by which KPE improves performance. Hence, enhancements in mRNA expression related to inflammation and the accumulation of glycogen were evaluated. The results showed that KPE tended to down-regulate the mRNA expression of IL-6 and TNF-α in the soleus muscle ( Fig. 5A , B) without significant differences being observed when compared with control mice. In the in vitro test, KPE suppressed mRNA expression of inflammatory factors induced by LPS. When PMFs (1-8) were examined using the same method, 1, 2, and 8 were found to significantly suppress the mRNA expression of IL-6 and TNF-α. KPE showed an inhibitory trend on the mRNA expression of IL-6 and TNF-α in the in vivo research. In order to clarify this, further study with more number of mice on the anti-inflammation effect of KPE in muscle is needed. Regarding the up-regulation of GLUT4 and PGC-1α, 2 and 8 exerted similar strong effects [27] . Therefore, the 3′-and 4′-methoxy groups may not be necessary for this activity.
We previously reported that PMFs including KPE activated AMPK [27] . AMPK activators such as AICAR have been shown to increase physical fitness performance and muscular endurance in vivo [27] . A chronic treatment with AICAR was found to increase the accumulation of glycogen and enhance fatty acid oxidation in skeletal muscles in insulin-deficient rats [31] while another activator, C24 decreased blood glucose and fatty acid levels in diabetic db/db mice [32] .
AMPK has also been reported to play an important role in improvements in inflammation and insulin resistance [33] . These findings are consistent with the present results and our previous findings on black ginger. KPE and PMFs, particularly compound 8, promoted the uptake of glucose, accumulation of
In vitro (F, G), the mRNA expression of Gsy was evaluated using real-time PCR (F) and glycogen contents were determined (G). The glycogen contents in these cells were normalized by the cell numbers. Each column represents the mean with the S.E. (in vivo: control: n = 15, KPE: n = 14, in vitro: n = 4). Asterisks denote significant differences from the control at *: P < 0.05, **: P < 0.01, respectively.
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glycogen, activation of mitochondria, and increases in mitochondrial number ( Fig. 6 and our previous findings [8] ). Furthermore, KPE has been reported to suppress increases in body weight, visceral fat accumulation, dysfunctional lipid metabolism, hyperinsulinemia, insulin resistance, hypertension, and peripheral neuropathy in TSOD mice [1] . Therefore, the activation of AMPK by KPE may contribute to these activities including improvements in physical fitness performance and endurance. The activation of AMPK by food ingredients differs from that by medicines such as AICAR and C24. The application of black ginger as a new approach to prevent diseases is promising because of its safety and historical background as a food [34] .
Clinical studies have been conducted on black ginger, with some reporting improved physical fitness performance in the elderly and athletes, [6, 7] and the enhanced antioxidant enzyme activities (increased activities of superoxide dismutase, glutathione peroxidase and catalase in serum) and decreased MDA level had been suggested to be one of the mechanisms for physical improvement effect of KPE [7] . The promotion of energy consumption through the activation of metabolism in brown adipose tissue has also been reported [35] . Therefore, black ginger may be a suitable ingredient for improving physical fitness performance, muscular endurance, fatigue, and metabolism. On the other hand, mild exercise is well-known to have similar effects as those of KPE on health [36, 37, 38, 39, 40] .
We expect black ginger to become a useful ingredient in processed foods and dietary supplements that will have exercise-and health-promoting effects.
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